When the high-resolution gamma-ray spectrometry was used in the analysis of 234 U and 230 Th in samples, there is a much more need to correct for the measured activity results of 234 U and 230 Th mainly due to self-absorption effects and the interfering lines from 226 Ra, 235 U, 238 U and their decay products that often might be present in the samples. Therefore, in the present study, the methods for the spectral interference corrections for the analytical peaks of 234 U and 230 Th are suggested to take into account the contributions of the overlapping gamma rays to these peaks. For the method validation, direct gamma-ray spectrometric measurements were carried out using certified reference materials (CRM) by use of a 76.5 % n-type Ge detector. The activities measured for the CRM samples were corrected for spectral interferences, self-absorption and true coincidence-summing (TCS) effects. The obtained results indicate that ignoring of the contribution of the interference gamma rays to the main analytical peak at 53.2 keV of 234 U leads to a lager systematic error of 87.3-90.4 % for the measured activities of 234 U, and similarly if one ignores the contributions of the interference gamma rays to the main analytical peak at 67.7 keV of 230 Th, this leads to a much smaller systematic error of 2.1-2.7 % for the activities of 230 Th. Therefore, the required correction factors for spectral interferences to the analytical peaks of 234 U and 230 Th are not negligible and thus they should also be considered besides necessary self-absorption factors to determine more accurate activities in the samples. On the other hand, it is estimated that although the TCS effects on the main analytical peaks of both 234 U and 230 Th are negligibly small, those TCS correction factors for their interference gamma rays to these peaks should be taken into account when direct measurements are performed in a close-counting geometry condition. Otherwise, the resulted activities can have serious erroneous results for both 234 U and 230 Th while using gamma-ray spectrometry, thereby leading to inaccuracies in their derived quantities, for instance, the corresponding age determinations of the samples.
INTRODUCTION
After the late 1970s, the gamma-ray spectrometry with Ge detectors is commonly applied in direct measurements of the radionuclides in various samples. Because it is quite easy and simple from the standpoint of sample preparation, rapid and non-destructive method among all other nuclear analytical techniques. 234 U and 230 Th nuclides are more frequently found in a wide range of environmental samples collected from aquatic, sediment, soil and geological media. Within this context, the determination of the radionuclides 234 U and 230 Th in the 238 U decay chain is also of great concern in several scientific fields. For instance, the accurate knowledge of the activities for 234 U and 230 Th nuclides is used for not only in environmental studies related to dating of sediment samples (1) but also for the age dating of uranium through measurement of an activity ratio, being often used as chronometer for the age of uranium material, which is either 230 Th/ 234 U, 230 Th/ 238 U( 234 Th) 214 Bi/ 234 U, 214 Bi/ 234m Pa( 238 U), 214 Pb/ 234 Th( 238 U) (2 -4) . The radioactivity measurements for 234 U and 230 Th depending on the levels of activity in various samples are generally made by alpha spectrometry followed by radiochemical separation (5) and recently by high-resolution gamma-ray spectrometry (6 -9) . However, the measurements of 234 U and 230 Th nuclides are still a difficult work in the case of the gamma-ray spectrometry. Because both the 234 U and 230 Th nuclides do not have stronger analytical peaks in terms of both energy and intensity. Hence, the analysis of 234 U and 230 Th has the additional difficulties imposed by the self-absorption, spectral interferences, true coincidence-summing (TCS) effects, disequilibrium conditions, low isotopic ratio, the poor peak counting statistics for the measurement accuracy. If it is intended the high-quality measurements for 234 U and 230 Th nuclides by gamma-ray spectrometry, the main points pertaining to these difficulties encountered in the analysis, which can impact the measurement accuracy should be known as follows. *Corresponding author: alfa.haluky@gmail.com; haluk.yucel@taek.gov.tr (a) In case a sample contains natural uranium having low isotopic contents of 234 U (0.0054 %) and 235 U (0.7204 %), the ratio of the activities of ( 238 U to 234 U) and ( 238 U to 235 U) is expected to be 1.01 and 21.72, respectively, taking the data based on their masses, halflives and isotopic abundances for instance, 2.455 Â 10 5 y for 234 U; 7.04 Â 10 8 y for 235 U and 4.468 Â 10 9 y for 238 U (99.2742 %), as recommended in the IUPAC and NNDC databases (10, 11) . So, this low isotopic abundance of 234 U in the natural uranium significantly limits the analytical capability of high-resolution gamma-ray spectrometry, especially for the 234 U isotope contained in the environmental and sediment samples because their observed peaks might not be deduced accurately from the low-energy background continuum. In other words, this might cause non-detectable count rates for its analytical peaks at 53.2 keV (0.123 %) or 120.9 keV (0.034 %) of 234 U. (b) Similarly, there is no alternative way for the analysis of 230 Th rather than the use of the very weak gamma-ray emissions such as 67.7 keV (0.377 %) or 143.9 keV (0.0488 %) of 230 Th. It is clear that these weak peaks can lead to a decrease in their analytical sensitivities in the gamma-ray spectrometry. This necessitates the use of either much larger samples or higher efficiency Ge detectors with high-energy resolution, or both in order to get sufficiently accurate peak statistics. Fortunately, to overcome this drawback, there is still a remedy because the very low-background Ge detectors with very thin windows but also having larger crystal volumes are presently commercially available at the current state-of-the-art Ge detector technology. It is generally adopted that this type of Ge detectors is more appropriate for the detection of the low-energy gamma rays in view of both high efficiency and resolution. Strictly speaking, the n-type Ge detectors with Be or carbon epoxy/fibre windows (naturally free of the radionuclides) can be considered to be more practical for the detection of low-energy gamma-ray emissions, especially below 300 keV. Thus, the use of such an n-type Ge detector can eliminate significantly the poor counting statistics problem for the weak intensity peaks. (c) The presence of radioactive equilibrium conditions between 238 U and its decay products may not considered to be valid in many cases because disequilibria situations might often occur due to differences in the geochemical behaviours of the nuclides 234 U and 230 Th. In such circumstances, while 230 Th/ 234 U ingrowth-dating covers a time span from about 4 to 300 000 y where the system reaches secular equilibrium (2) . This implies that, for instance, if the inaccuracy of 5 % in each measured activity is used for the activity ratio of 230 Th/ 234 U, this can result in an error of about 3 % in the age determination of a sample. That is, this corresponds to approximately 9000-10 000 y of time uncertainty for a sample of 300 000 y old. Hence, the accurate direct measurements of 234 U and 230 Th nuclides are essentially important for dating studies in samples. (d) Since the above-mentioned analytical peaks of 234 U and 230 Th lie in the low-energy region of a gamma-ray spectrum, they seriously suffer from high self-attenuation effects, especially in the case of high-Z matrix samples. Thus, this requires special precautions for self-absorption differences between calibration standards and samples due to their different density and composition. In practice, since the matrix and the density of a sample are generally different from those of the calibration standard, this can lead to significant changes in the peak areas. In quantifying the activities, for example, this difference between the sample and the calibration standard can be estimated by a factor of F s (sample)/F s (standard) for a peak where F s represents the selfabsorption factor for the case of a cylindrical sample measured on the end-cap of a detector. If any CRMs (UTS-1, UTS-2 and UTS-3 measured in this work) is deemed as the sample and the standard source (multinuclide distributed in a 1.7 g cm 23 sand matrix), this factor is estimated to be about 1.65 ¼ 1.79/ 1.08 for 67.7 keV peak of 230 Th where the selfabsorption factors are F s ¼ 1.79 for the sample and F s ¼ 1.08 for the standard matrix (S i O 2 ). Evidently, this difference between selfabsorption factors for 53.2 keV peak of 234 U will be higher due to more dominant selfattenuation effects in this lower energy peak. (e) In the case of a close-in detection geometry, the TCS effects for both analytical and their interfering gamma rays also must be taken into account due to the decay scheme properties of the relevant nuclides. 
MATERALS AND METHODS

Gamma-ray spectrometer
An n-type and high-purity Ge detector (Ortec GMX70P4-S) with a 0.5 mm thick Be window was used in the measurements. It has a measured relative efficiency of 76.5 % and a peak-to-Compton ratio of 74:1 at 1332.5 keV ( 60 Co). Its Ge crystal has a 69.9 mm diameter and an 82.6 mm length, with an active volume of $ 315 cm 3 . The measured energy resolution is 2.08 keV at 1332.5 keV ( 60 Co) and 0.8 keV at 122.1 keV ( 57 Co). It has a top-opening lead shield of 10 cm thickness Pb graded 1.6 mm Cu and 0.5-mm Sn liners to reduce the fluorescence and scattered X-rays from the thicker lead shield, jacketed by a 9.5 mm low-carbon steel outer casing. The base of the lead shield has an annular lead plug that accommodates only a dipstick cryostat (CFG-P4) and the detector cables. In order to purge radon and thoron contamination around the sample, the nitrogen (N 2 ) gas with a flow rate of 1-2 l min 21 through a flexible hose from the N 2 -gas storage tank was flushed inside the shield. The detector with a sealed HV filter and a resistive feedback preamplifier (A257N) built-in a pop-top capsule was connected to a digital signal processing analyser (ORTEC DSPEC jr. 2.0) with a 16 K ADC/MCA operating through a spectroscopy software (Gamma Vision, Ver. 6.01). The amplifier was calibrated with a gain of 0.7521 keV/channel to collect the 4096 channel spectra. The LLD was set to be $8 keV for ADC to offset the low-energy electronic noise of below 5 keV, and soft low gammaand X-rays. The measurement periods chosen for the CRM samples varied generally between 24 and 48 h to obtain good statistics of the spectrum counts. A room background was measured for a period of $9 d. Dead times were in the range of 0.72 -1.73 % for the gamma-ray spectra acquired for the CRMs. The net peak counts were calculated for the peaks selected from the gamma-ray spectra using a Gamma Vision software with an internal peak fitting engine, which performs also de-convolution using a combination of a Gaussian and a left-side tail to fit the peaks. In some cases, the areas of the peaks were obtained by simple integration in which a linear or a stepwise background continuum was subtracted from the observed counts.
Certified reference materials
All CRMs were dried at 80-1058C for 24 h to remove the moisture contents. Powder standard or sample matrices were individually filled in the plastic beakers with a 3.6 cm filling height and a 4.3 cm internal diameter. They were sealed tightly using a silicon glue. The sample beakers were always filled with the samples in the same filling height of the calibration standards to ensure same counting condition for all. Before counting, the sealed CRM samples were kept for a period of about 6 months to ensure the secular equilibrium between the precursors and its short-lived decay products. The radioactivity contents of the CRMs are given in Table 1 .
Efficiency calibrations
The sample beakers with a 1.5 mm thickness were placed on to the end-cap at a distance of 2 mm by means of a plastic sample locator. The mixed standard source ( purchased from Isotope Products Inc., traceable to NIST) spiked in a sand (S i O 2 with density of 1.7 + 0.1 g cm 23 ) matrix containing 210 Pb, 109 Cd, 57 Co, 123m Te, 51 Cr, 113 Sn, 85 Sr, 137 Cs, 88 Y, 60 Co nuclides and 40 K nuclide in a powder standard (obtained from International Atomic Energy Agency), IAEA RGK-1 containing 44.8 wt% potassium were used to perform the well-known standard full-energy peak (FEP) efficiency calibration curve.
Additionally, single gamma ray, almost coincidence-free point standard sources ( 241 Am, 109 Cd, 57 Co, 137 Cs, 54 Mn, 65 Zn) was measured individually to obtain the peak-to-total (PTT) ratios. For this, each source was placed on the hollow beaker. The source distance was 4.5 cm from the end-cap of the detector for PTT measurements. These curves are then used to compute the TCS factors for the relevant gamma rays used in the analysis. On the other hand, since a detailed procedure for the calculation of TCS correction factors required for any coincident gamma ray has already been described (17) , elsewhere, no additional detail is given for the TCS correction method in this paper to keep space at minimum. However, it is based on the knowledge of TCS corrected-FEP efficiency and PTT efficiency calibration curves. Thus after few iterations for the coincident gamma rays from 60 Co and 88 Y nuclides in this TCS correction method, a coincidence-free FEB efficiency calibration curve as a final fit is obtained for the used counting geometry. The least square fitting coefficients for FEP and PTT curves are combined appropriately in a freely available TCS calculation algorithm called 'TrueCoinc' program, developed by Sudar (16) . This program is a user friendly and uses NNDC ENSDF database via the online internet source or on the CD version for the decay properties of the nuclides. Thus the coincidence probabilities for every coincident gamma ray is calculated automatically by its algorithm, which then gives the TCS correction factor for each gamma ray of the nuclide, taking into account the full-energy and total-to-peak efficiencies for the particular measurement geometry, which are fed into its menu by the user.
Methods for spectral interference correction
In the present correction methodologies it is adopted that the particular gamma ray interfering with the analytically used peak of interest (namely, a mixed peak) should be close to the centroid energy within +1 keV as 1 Â FWHM. In principle, the contribution of any overlapping gamma rays of a given nuclide, r is calculated from the ratio of the net peak areas as follows:
where the net area N p,i (E i ) is the ith peak with energy E i from a given nuclide and the net area N p,mix (E) for the mixed peak with the energy E for (10) and NNDC (11) databases.
e No concentration or activity values were quoted in the certificates.
METHODS FOR SPECTRAL INTERFERENCE CORRECTIONS
the emissions from the relevant nuclides. The latter is the sum of the peak areas of the overlapping gamma-ray emissions to the mixed peak of interest and is calculated by:
However, it is worth noting that the interference contribution, r is not a universal, fixed value for a nuclide because it not only depends on the complexity of the acquired spectrum and the energy resolution of the measurement system but also on the nuclide contents of the measured sample. Nevertheless, it is strongly related to the emission probabilities of the overlapping gamma rays to the mixed peak. Therefore, in the spectral interference correction, the first step is to review and determine the gamma rays and their emission probabilities to be used for the analysis. As given in Table 2 , there are five gamma ray peaks for both 230 Th and 234 U; however, one of the peaks of 230 Th is 253.7 keV (0.0111 %) and this peak has some major difficulties as an analytical peak. First, this peak is very weak and is generally not seen in the spectrum due mainly to the drastic decrease in the detection efficiency for the peak region lying relatively in the higher energy region. Further its interference gamma ray is emitted from the nuclide itself. Hence the remaining four peaks of 230 Th and 234 U can be considered as analytical peaks at first sight, although they have many possible overlapping gamma-ray emissions from 226 Ra, 232 Th, 235 U and 238 U decay series. For the above radionuclides, the second step is to determine accurately the net peak area for each interfering gamma-ray emission by choosing a suitable 'reference' peak after a careful examination has been made in the gamma-ray spectrum acquired for a sample. Then, the new methods for the correction for the spectrally interfering gamma rays (as already given in Table 2 ) are schematically illustrated as shown in Figures 1-4 . The peak areas of the interferences with those of the analytical peaks of 234 U and 230 Th are obtained from one of Eqs. 1-9, whichever appropriate, and it is then subtracted, in turn, from the measured peak areas of the mixed peak to obtain the final peak area for the analytical peak of interest. As noted by Gilmore (12) when, especially the gamma-ray peaks from NORM nuclides are to be used in the analysis, it is imperative that the peaked-background area be subtracted from the net peak area N p,i for a given peak.
In the present correction methodology, the contribution of any interference gamma-ray emission can be estimated by use of four main factors, namely: FEP efficiency 1 p , gamma-ray emission probability I gamma , self-absorption correction factor, F s and TCS correction factor, F COI . In each particular equation, Nuclear decay data are taken from NNDC NuDaT 2.5 database (22) . b
It includes the interferences with gamma ray emission probabilities greater than 1 Since the detection efficiency at this peak energy has decreased significantly, this peak is not seen fully in the spectrum to make an analysis from it, and its interfering line is emitted from the same 230 Th nuclide. Therefore, this peak was not considered as an analytical peak for the analysis of 230
Th in this work.
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the subscript 'Ref ' denotes a particular 'reference' peak, which is usually chosen from the spectrally undisturbed peaks among all possible peaks used for 226 Ra, 235 U and 238 U, and their decay products.
Further, this approach includes self-absorption and TCS correction factors besides the emission probabilities. This is an important point because these effects can sometimes have more pronounced on the quantification of nuclide activity in the samples. The factors affecting the peak areas can be varied depending on the high density and Z components of the sample matrix causing to self-absorption, on the measurement geometry conditions and on the decay type of a nuclide causing to TCS effects. Additionally, it was assumed that, the measured samples were to be natural, often encountered as in ore or environmental samples. As usual, the ratio of disintegration rates of 234 Th, 234m Pa, 234 U and 235 U to 238 U can be taken to be f ¼ However, in the case of depleted or enriched uranium analysis, the factor f must be recalculated according to the valid uranium isotopic abundances in the samples to be assayed (13) . More specifically, the mixed peak at 53.20 keV of 234 U is spectrally disturbed seriously by the 53.23-keV gamma ray of 214 Pb, as illustrated in Figure 1 . In order to estimate this contribution to the mixed peak, the least spectrally disturbed peak either at 295.2 or 351.9 keV peak of 214 Pb can be used in Eq. (3) as a 'reference' peak because they are fairly Figure 2 . A schematic representation of the method for correction of the spectral interference on the 120.9 keV peak of 234 U. Figure 1 . A schematic representation of the method for correction of the spectral interference on the 53.2 keV peak of 234 U. intense and almost TCS-free gamma rays as follows: 
As shown in Figure 2 , the 120.9 keV peak of 234 U needs the correction for the interference peak at 120.35-keV gamma ray of 235 U. To make this spectral correction, it can be estimated reliably from the second-order correction by using the net peak area of 185.7-keV gamma ray of 235 U. Although the mixed peak [185.7 keV 235 U þ 186.1 keV 226 Ra] is still spectrally disturbed by 186.1 keV-gamma ray of 226 Ra, the net area of the 186.1 keV interfering line can be deduced from the mixed peak by means of one of the reference peak, chosen either at 295.2-or 351.9-keV gamma rays of 214 Pb which are the least spectrally disturbed peaks, as well. Then, the 186.1 keV gamma-ray emission of 226 Ra can be subtracted from this mixed peak. Additionally, it is also possible to use a weighted average in the estimation of 226 Ra contribution via its 186.1 keV gamma ray which can be calculated from the resulted peak areas by using Eq. (5) in which the reference peaks at 295.2 and 351.9 keV can be used individually. In this context, this method has already shown and noted in the previous work (14) that the 186.1 keV peak of 226 Ra provides a more accurate result for the estimation of the contribution of 226 Ra to 235 U and it is especially useful even if the samples also contain natural thorium. On the other hand, the other peaks at 143.8, 163.3 and 205.3 keV peaks of 235 U cannot be suggested as a reference peak because these peaks of 235 U are seriously suffer from the TCS effects particularly in case of a close-in-detection geometry and they have also other problems such as the weak statistics, interferences, etc. (14, 15) 
In natural uranium, the activity ratio is
where u is the isotopic abundance, l is the decay constant, M is the atomic mass and '235' and '238' refer to 235 U and 238 U, respectively.
As to 230 Th, as seen in Figure 3 , a particular interference correction procedure can be established for the analytical peak at 67.7 keV of 230 Th, which overlaps with the three gamma-ray emissions from 231 Th and 234 Pa. To do this, the net peak areas for the overlapping gamma rays at 67.25 keV of 234 Pa ( 238 U), 68.5 keV and 68.72 keV of 231 Th ( 235 U) can be deduced from Eqs. 5 
In addition to the gamma-ray interferences listed in Table 2 , it is very likely that another interfering line is X-ray escape peak of about at 67.1 keV, which can coincide in energy with the 67.7 keV gamma ray of 230 Th. The 67.1 keV X-ray escape peak can occur due to Ge KX escape peak of $10-11 keV [consisting of the Ge KX a1,2 9.85 -9.88 keV ( 211, 212, 214 Pb nuclides contained in the samples. Hence the peak intensity of the $67.1 keV escape peak has been measured to be $0.02 -0.1 % that of the 77.1 keV X-ray peak. Consequently, from the peak area of 77.1-keV X-ray peak in CRMs, the peak area of the $67.1 escape peak can simply be deduced and then subtracted from the net area of the analytical peak at 67.7 keV of 230 Th. For the CRMs used in this study, this correction on the 67.7 keV peak of 230 Th is never more than 0.1 -0.7 %. Finally, as seen in Figure 4 , the method for the spectral interference correction of the another mixed peak at 143.9 keV of 230 Th can be established to estimate the contributions of the emissions from 223 Ra, 235 U and 234 Pa. This method is almost identical to that of 67.7 keV of 230 Th as described above. Because it needs the use of the same reference peaks, introduced in Eqs. 9-11. In this last correction methodology, there is only a difference relating to the origins of the interference gamma rays at 143.7 keV of 234 Th in the samples, the gamma-ray spectrometer with an n-type Ge detector was calibrated with the use of the multi-nuclide standard to obtain an FEP efficiency curve. Because this well-known efficiency calibration with the use of a multinuclide standard source enables almost accurate efficiency results for the unknown gamma-ray energies. The results of the experimental and fitted FEP for the present measurement geometry are given in Table 3 .
In the present calibration, the measured (experimental) 1 p points were fitted in the form of a logarithmic polynomial in ln(1 p ) versus ln(E) as shown in Figure 5 to obtain a FEP curve.
In the energy range of 46.5 -1836 keV, the FEP curve as the 'first fit' consists of two linking parts, describing low-(46.5 , E , 159 keV) and highenergy (159 , E , 1836.1 keV) regions. However, the main limitation of this kind of FEP efficiency calibration is that the TCS effects for particular nuclides such as 60 Co and 88 Y can cause to substantial deviations in their experimental efficiency points from the 'first fit' by varying between 3.89 and 226.17 % as given in Table 3 , thus demanding the use of TCS correction factors for the measured peak (16) for the present counting geometry.
areas. To compensate for the TCS effects in the peaks of 60 Co and 88 Y, the required TCS correction factors were obtained by the TCS computation algorithm used in 'TrueCoinc' program, developed by Sudar (16) . After that, a TCS corrected-FEP curve is obtained as the 'final fit' as shown in Figure 5 . It is worth noting that the details of this procedure are necessary for calculation TCS correction factors, which are already described in the previous work (17) . As a result, the fitting coefficients for a final TCS corrected-FEP efficiency curve given in Table 3 (also shown on Figure 5 ) were used to determine the TCS factors F COI for relevant gamma rays from any nuclide by using a freely available 'TrueCoinc' program, together with the use of the required PTT ratios given in Table 4 . E cutoff was set to be 20 keV in the spectra for the PTT calibration (17) . c From a fit: log(P/T) versus log(E) function:
The uncertainty in the fit value of the efficiency calibration was also calculated from the sum of squared differences between measured and calculated values according to equation:
where 1 exp are experimental efficiencies and 1 fit are predicted efficiencies, n is the number of the measurements and m is the number of the fitting parameters used in the regression analysis. e % Deviation was calculated as 100 Â (1 2 experimental value/fitted value).
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Additionally, there is a most need for the correction for self-absorption effects because, especially some low-energy gamma rays are used in the analysis. Since the exact compositions are known for CRMs samples and a multinuclide standard source is used, the self-absorption factors F s for a small sample cylinder can easily be calculated by the wellknown approximation (18) using a simple relation
where m (cm 21 ) is linear attenuation coefficient and x (cm) is effective sample thickness x ¼ m/(r . S) in which r (g cm 23 ) is the sample density and S is the extended-source area. Mass attenuation coefficients (m/r) are taken from the XCOM database (19) . The necessary correction factors for both self-absorption and TCS effects on all gamma rays used in the present analysis are given in Table 5 .
The activity results measured for 234 U via its 53.2 keV peak and those for 230 Th via its 67.7 keV are given in Table 6 , together with the percentage contributions due to main interferences from 214 Pb, 226 Ra, 234 Pa( 238 U) and also contain 231 Th ( 235 U) nuclides in the CRM samples.
The uncertainty sources on the experimental data are mainly due to the counting statistics (0.05-5.1 %), the detection efficiency (2.5-3.6 %), weight determinations (0.01 %), self-absorption and TCS factors (0.1-0.3 %) and the uncertainties (0.3-0.6 %) in the certified activities quoted. They were combined using the usual law of propagation of uncertainty according to ISO and EURACEM/CTAC Guides (20, 21) , adding an additional the systematic uncertainties (Type B) of the gamma-ray emission probabilities (0.002-5.1 %) and the variations in sample heights (1.7 %). The measured activities were averaged from three independent measurements in the present analysis. The standard uncertainty of the combined result is calculated from the pooled (internal) variance. Then the standard uncertainty was also multiplied by the Student factor, t ¼ 1.32 for the number n ¼ 3 of three repeated measurements. The resulted uncertainties in Table 6 are expressed within +1s confidence limits (68 % confidence level).
DISCUSSION AND CONCLUSIONS
From the point of view of direct gamma-spectrometric analysis of the nuclides, 234 U and 230 Th have very weak gamma-ray emissions such as 53.2 keV (0.123 %) or 120.9 keV (0.034 %) of 234 U, and at and the additional count losses in the peak area of 67.7 keV peak of 230 Th due to 67.1 keV X-ray escape peak. The activity results measured for 234 U via 120.9-keV gamma ray and those for 230 Th via 143.9-keV gamma ray, however, are not reported here because these two weaker peaks lead to remarkably incorrect results mainly due to the worse counting statistics for the analysis of the CRMs, although a high-efficient n-type Ge detector was used in the present measurements. The peak statistics problem with 120.9-keV gamma ray is still rather serious such that it is sometimes never formed or obscured almost fully in the background continuum. Therefore, it is reported that the 120.9-keV gamma ray from 234 U can be used as an useful analytical peak for determining the isotopic contents of 234 U, providing that the gamma-ray measurements are made on the samples containing uranium of amounts, say, greater than 1 % 235 U in mass (13) . There is a similar problem for the 143.9 keV (0.048 %) of 230 Th not giving the correct results, which are four to five times different from the certified activities of 230 Th. One important reason for this is that the 143.8-(10.96 %) keV gamma ray 235 U has a much higher emission probability than 143.9 keV (0.0488 %) of 230 Th, thus not making sense of an analytical peak in the analysis of 230 Th. Otherwise, the use of the mixed peak at 143.9 keV for the analysis of 230 Th jeopardises in obtaining correct activity results for 230 Th, especially in environmental ones. It is suggested that this mixed peak should not be used for the analysis of 230 Th; however, it might be used for 235 U analysis after it is corrected appropriately for its spectrally interferences. It is the main reason for this argument is clear that the ratio of the emission probabilities is a very high factor of 228 ffi 10.96/0.048, thus favouring preference to use for the determination of 235 U activity. The results imply that the use of 67.7 keV peak seems to be the more appropriate one for the measurement activity of 230 Th. Because its emission probability is much higher (about eight times) than that of 143.9 keV, i.e. it corresponds to a factor of 8 ffi 0.377/0.048, thus yielding to the sufficiently good counting statistics for 67.7 keV peak in shorter measurement period. Furthermore, the resulted correction factors for the 67.7 keV peak of 230 Th is in the order of only 2.1-2.7 % which remains within the uncertainty limits of the measured activities, as seen in Table 6 .
In conclusion, if it is intended high-quality gamma-spectrometric analysis of 234 U and 230 Th, the corrections for spectral interferences should work carefully and taken into account the quantifying results obtained for the lower energy peaks from 234 U and 230 Th besides self-absorption and TCS corrections. Because the knowledge which is important in the correct interpretation of the results for activity a After the spectral interference, self-absorption and TCS correction factors were applied to each observed activity, a weighted mean value was obtained from three independent measurements. Uncertainties are given within +1s confidence interval (68 % confidence level).
concentrations and thus radiation dose rate is directly related to dating of geological, sediment ore samples or the age determination of the processed uranium. 
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